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Create a new 2D animation through mesh deformation is attracting more 
and more attention and research, because of the good performance and 
efficiency of deformation. But the means now available, such as free-form 
deformation，skeleton-driven deformation and surface-based deformation, 
all can not achieve various style of motion deformation in real time. 
Recently weight-driven deformation by harmonic coordinate has been 
proposed based on reference and integration of existing methods. It first 
obtain the weight by solving the Laplace equation with bound constrain, 
then use the weight to drive deformation with linear blending skin.  
Harmonic coordinate possess interior locality and non-negativity, which 
mean value coordinate lacks, the deformation seems more nature. In 
previous methods, linear blending skin for skeleton or cages may need 
manual weight painting or modeling closed polyhedral lattices around mesh 
object. But in our methods, weights are automatically generated and user 
can make the design and control of deformation simpler with the most 
convenient combination of handle types.  
The first innovation is we use finite element method to solve the 
weight of handle in a linear equation, while the previous harmonic methods 
do not have a closed expression .the weights are solved  subject to bound 
constraints which indicates the topology information , so the handle can 
spreads its influences in a shape-aware and localized manner。At the same 
time, cotangent Laplace weight matrix are concerned in weight 
optimization with finite element method, which makes it possible to 
customize the weights so that they preserve the local features of the 
object.  















and locality and sparsity in harmonic coordinate or the local maximum 
comes out in bi-harmonic coordinate with a lot of time consuming. The 
second innovation is we proposed a new scheme called mixed-order harmonic 
coordinate based deformation, which is suited for the deformation mixed 
with soft and rigid part. When we use it to generate new motion with the 
style of shadow play, the result shows that the drawbacks are alleviated 
with satisfactory time consuming. 
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动作重用 ]2[ 、动画检索 ]3[ 等 新的动画生成技术，可由于动作过渡不自然、动画
风格单调、动画素材库获取困难等原因，导致很多专业动画工作室仍然使用原始
的关键帧和中间帧技术。使用这种技术来制作二维动画非常地繁琐和劳累，一段






































1.2.1  自由变形方法 
为了提高复杂模型的编辑效率，Sederberg 和 Parry 首先提出了自由变形(FFD)
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